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(64) Adhesfvd tape and process for its 
production 



(67) An adhesive tape comprises a 
base sheet of a polypropylene resin, an 
adhesK/B layer formed on one side of 
the base sheet and a roughened surface 
layer formed on the other side of the 
base sheet and composed of a 
potypropylane resin containing fine 
Inorganic filler particles, in which the 
roughened surface layer has a thickness 
of not more than the maximum particle 
diameter of said fine inorganic filler 
particles and Is substantially free from 
voids or cracks, and the total percent 
light transmittance of the tape Is at least 
90%. Such an adhesive tape is 
produced by a process which 
comprises fbrming an adhesive layer 
on one side of a base sheet of a 
polypropylene resin and a surface layer 
of a polypropylene resin having a 
melting point lower than that of the 
polypropylene resin of the base sheet 
and containing fine inorganicfiller 
particles, on the other side of the base 
sheet to obtain an unstretched 
laminated sheet, and then stretching 
the laminated sheet at a temperature of 
at least the melting point of the 
polypropylene resin of the surfece layer 
to bring the thickness of the surface 
layer to be not mora than the maximum 
particle diameter of said fineinorganic 
filler particles. ' 



O 

CO 



o 

cn 

GO 

> 



Id 



1/2 



Fl G. I 



X 

100% 



2103513 



2/2 



2103 



Fl G. 2 




Fl G. 3 




Fl G. 4 




IMl'llllllllITT 




B 
D 



Fl G.5 




1 



GB 2 103 513 A 



1 



SPEaFICATlON 

Adheshra tape mid process for its production 

5 The present Invention relates to an adhesive tape 
having excellent wrftabllfty and photostatic property 
and a process for Its production. 

An adhesive tape of this type Is generally called a 
mending adhesh^e tape and useful for mending e.g. 

10 drawings. The mending adhesive tape is required to 
be wirtable by &g. a pencil (hereinafter referred to as 
"wrltability") and tearable by fingers In the trans- 
verse direction of the tap (hereinafter referred to as 
"finger-tearabllit/0 and to have excellent light 

1 5 transmlttance so as to permit photostatic reproduc- 
tion therethrough (hereinafter referred to as "photo- 
static property"). 

Kliaretofore, in order to Improve primarily the 
writabllity and flnger-tearabllity among the required 

20 properties for a mending adhesh^e tape^ it has been 
proposed to Incorporate fine Inorganic filler particles 
In the base sheet of an adheslv ^ tape, and such a 
tape is actually commercially available. However, in 
such a tape, light scattering is lilcely to be cause by 

25 the Inorganic filler particles per se or by voids or 
cracks formed at the Interface between the Inorganic 
filler particles and the base sheet resin, and the total 
percent light transmfttance of the tape tends to be 
thereby reduced. Thus, such a tape is Inferior in the 

30 photostatic property and Is not suitable as a mend- 
ing adhesh/e tape. 

It Is an object of the present Invention to overcome 
the above mentioned drawbaclcs of the conventional 
adhesive tape and to provide an adheshfo tape hav* 

35 Ing excellent writability and photostatic property 
required for a mending adhesive tape. 

Another object of the present Invention is to pro- 
vide a process for producing such a superior adhe- 
sive tape. 

40 Namely, the present Invention provides an adhe- 
sive tape comprising a base sheet of a polyp- 
ropylene resin, an adhesh^e layer formed on one side 
of tlie base sheet and a roughened surface layer 
formed on the other side of the base sheet and com- 

45 posed of a polypropylene resin containing fine Inor- 
gaoic filler partidea^ in which the roughened surface 
layer has a thlcimess of not mora than the maximum 
particle diameter of said fine inorganic filler particles 
and la substantially free from voids or cradts, and 

50 thetotal percent llghttransmittanceofthetape Is at 
toast 90%. 

Such an adhesive tape Is produced by a process 
which comprises forming an adhesive layer on one 
side of a base sheet of a polypropylene resin and a 

55 aurface layer of a polypropylene resin having a melt- 
ing point lower than that of the polypropylene resin 
of the base sheet and containing fine Inorganic filler 
particles, on the other side of the base sheet to 
obtain an unstretched laminated sheet, and then 

60 stretching the laminated sheet at a temperature of at 
least the melting point of the polypropylene resin of 
the surface layer to bring the thiclcness of the surface 



layer to be not more than the maximum particle 
diameter of said fine inorganic filler particles. 
65 Other objects of features of the present invention 
will be apparent from the following detailed descrip- 
tion of the preferred embodiments of the present 
invention. 

Figure 1 1s a diagram showing the composition of 
70 the roughened surface layer In which the effective 
ranges of the components constituting the 
roughened surface layer are indicated by oblique 
lines. 

Rgures 2 to 5 are diagrammatic cross sectional 

75 views of adheshfe tapes according to the present 
Invention, wherein the adhesive layer is omitted- 
The polypropylene resin to be used for the base 
sheet may be an Isotactlc polypropylene commonly 
used in films and may also be a copolymer of a 

80 propylene with other o-olefin. In order to obtain 
good finger-tearability, it is preferred to use a mix- 
ture of a polypropylene with a methylpentene 
polymer. The mixture Is prefeably composed of from 
96 to 50% by weight of a polypropylene and from 5 
85 to 60% by weight of a n^ethy Ipentene polymer. If the 
proportions are outside the above ranges, the 
finger-tearability tends to be inferior. The methyl- 
pentene polymer should preferably have a Vicat sof- 
tening point (as measured try JIS K-7206) lower than 
90 the melting point of the polypropylene to obtain 
good transparency of the base sheet. The methyl- 
pentene polymer may also be a copolymer with a 
small amount of other oc-olefin. 
A roughened surface layer composed of a polyp- 
95 ropytene resin containing fine inorganic filler parti- 
cles is formed on one side of the base sheet to pro- 
vide excellent writabllity. The prolypropylene resin 
used for the roughened surface layer has a melting 
point lower than the polypropylene resin used for 

100 the base sheet As such a resin; .there may be men- 
tioned a copolymer of propylene with other a-olefin 
such as ethylene. The fine inorganic filler particles 
may be those commonly used as inorganic fillers for 
plastics, such as calcium carbonate or clay. It is pre- 

105 ferred that the fine Inorganic filler particles have a 
maximum particle diameter of about IO^a, and they 
are capable of forming a roughened surface having a 
maximum roughness of at most lOjx and an average 
roughness of 10 points of from 2.0 to 6.0/t as meas- 

110 ured by JIS 8-0801. 

It Is preferred that the roughened surface layer is 
composed of from 90 to 50% by weight of the polyp- 
ropylene resin and from 10 to 50% by weight of the 
fine inorganic filler particles. 

115 In order to obtain good writability, It is important 
that the roughened surface layer has a thickness of 
not more than the maximum particle diameter of the 
fine inorganic filler particles. In order to ensure the 
desired transparency and to obtain a good photosta- 

120 tic property, it is also important that the roughened 
surface does not contain Internal voids or cracks. 
Such a roughened surface layer can be advantage- 
ously formed by the process which will be described 
hereinafter. 



This print takes account of replacement documents later filed to enable the application to 
comph^ with the formal requirements of the Patents Rules 1982. 
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A papar surface to be mended by an adhesive tape 
Is usually deglazed, and accordingly. In order to 
obtain a satisfactory photostat copy on which the 
configuration of the affixed tape Is scarcely repro- 

5 duced or copied. It is desired that the surface of the 
adheshre tape is likewise daglazed as far as possible 
(hereinafter referred to as "non-glossiness"). There- 
fore, the "good non-glossiness" means that the rela- 
tive specular glossiness is small and the specular 

10 reflection of light on the surface is minimum. In 
order to impart the non-glossiness to the adhesive 
tape, a specific thermoplastic resin may preferably 
be incorporated In the roughened surface layer. 
According to a preferred embodiment as illus- 

1 5 trated In Figure 1, the roughened surface layer is 
composed of from 25 to 85% by weight of a polyp- 
ropylene resin (X), from 10 to 50% by weight of fine 
inorganic filler particles (Y) and from 5 to 45% by 
weight of one or more thermoplastic resins (Z) 

20 selected from tbe group consisting of a methyipen- 
tene polymer, a polystyrene, a polyalkyi methecry- 
late and a polyester, provided that the total of the 
components (X), (Y) and (Z) is always 100% and the 
amount of the component (Z) is not n.ore than the 

25 amount of the component (X), whereby the relative 
specular glossiness of the roughened surface layer is 
not more than 30%. 

If the component (X) Is less than 25% by weight, 
voids or craclcs are likely to form which impair the 

30 photostitic property. On the other hand, if the com- 
ponent (X) exceeds 85% by weight the writability 
will be inferior 

If the component (Y) (i.e. fine inorganic filler parti- 
cles) is less than 10% by weight, the writability will 

35 be inferior, and If it exceeds 50% by weight, the 
photostatic property will be Inferior. 

Referring to the specific thermoplastic resin (Z), 
the methylpentene polymer may be the same rosin 
as used in the base sheet As the polyester, there 

40 may be mentioned polyethylene terephthalate or 
polybutyleneterephthalate. The polystyrene may be 
a so-called modified polystyrene wherein a small 
amount of a carboxyllc acid anhydride or its deriva- 
tive is Incorporated. The component (Z) is incorpo- 

45 rated within a range of from 5 to 45% by weight, tf It 
Is less than 5% by weight, the non-glossiness will be 
Inadequate, and If It is more than 45% by weight, the 
photographic property will be inferior. Further, the 
amount of the component (Z) must be not more than 

50 the amount of the component (X). If the component 
(Z) exceeds the amount of the component (X), voids 
or cracks are likely to form. 

The relationship among the amounts of the 
respecth^e components (X), (Y) and (Z) Is Illustrated 

55 in Figure 1, wherein the effective ranges of the com- 
ponents are shown by oblique lines. 

It is desirable that an adhesive tape can easily be 
cut straight in the transverse direction by fingers or 
by a dispenser cutter (i.e. a tape cutter). It is fre- 

60 quentty experienced that an adhesive tape is torn 
obliquely at an intermediate portion of its width 
depending upon the force applied to cut or tear it by 
a dispenser cutter or fingers. 
It has now been found possible to obtain the 

65 straight transverse tearability or severability and to 



avoid the undesirable oblique tearing, by forming a 
crystalline polypropylene layer on one side or each 
side of the polypropylene/a methylpentene polymer 
mixture layer of the base sheet. 

70 Namely, according to the preferred embodiments 
of the Invention illustrated in Figures 2 to 5, the base 
sheet comprises a main layer (A) composed of from 
95 to 50% by weight of a polypropylene and from 5 
to 50% by weight of a methylpentene polymer and a 

75 subsidiary layer (B) formed on one side or each side 
of the main layer (A) and composed of a crystalline 
polypropylene having a melting point of at least the 
Vicat softening point of said methyipenterte 
polymer, and a bonding layer (D) of a carboxyltc 

80 acid-modified polypropylene is interposed between 
the base sheet and the adhesh/e layer. In Frgures 2 to 
5, symbol (C) designates the roughened surface 
layer. 

The main layer (A) of the base sheet is composed 
85 of a resin mixture of the polypropylene and the 
methylpentene polymer i.e. poly - 4 - methyl - pen- 
tene - 1, in the above specified ratio. The polyp- 
ropylene to be used for this main layer (A) (hereinaf- 
ter referred to as "A-layer PP") is a propylene 
90 homopolymer or a propylene copolymer containing 
a small amount of a copolymerized component, and 
it may be the one commonly used as a starting mat- 
erial for films. The methylpentene polymer, which 
may be a copolymer with a small amount of other 
95 or-olefln, is preferably the one having a Vicat soften- 
ing point (as measured by JIS K-7206) lower than the 
melting point of the A-tayer PP to obtain good trans- 
parency of the main layer (A). As mentioned above, 
It Is preferred to mix from 95 to 50% by weight of the 

100 A-layer PP and from 5 to 50% by weight of the 
methylpentene polymer. If the mixing ratio is out- 
side these ranges, the tape thereby obtained tends to 
be hardly torn by fingers. 
In order to improve the severability by a dispenser 

105 cutter, a crystalline polypropylene layer (8) is formed 
on one side or each side of the main layer (A) as 
shown in Rgures 2 to 4 or as an intermediate layer 
between two main layers (A) as shown in Rgure 5. 
As the crystalline polypropylene (hereinafter refer- 

1 10 red to as "B-Iayer PP") constituting this layer (B), 
there may be used a propylene homopoiymer, a 
propylene copolymer containing a small amount (i.e. 
not more then about 3% by weight) of a copolymer- 
ized component (e.g. ethylene), or a carboxytic 

115 acid-modified polypropylene prepared by grafting 
thereto a carboxyllc acid. The B-leyer PP may be the 
same as the A-tayer PP. In order to improve the 
severability or tearability, it isnecessary that the 
B-layer PP has a melting point of at leest the Vicat 

120 softening point of the above mentioned methylpen- 
tene polymer, if the melting point is less than the 
Vicat softening point, normprovement of the 
severability by a dispenser cutter is obtainable. 
Namely, as will be described In detail hereinafter, the 

125 stretching temperature for the preparetion of the 
adhesive tape according to the present invention Is 
determined by the Vicat softening point of the 
methylpentene polymer in the main layer (A), and 
the stretching can most advantageously be carried 

130 out at a temperature of at least said softening point 
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and at mort the melting point of the A-layer PP or the 
B-layer PP whichever is lower. 

Accordingly, If the B-layer PP has a melting point 
of at leastthe at)ove mentioned softening point, the 

5 B-layer PP Is stretched without melting or flowing at 
the time of the stretching operation, which Is 
believed to contribute the Improvement of the 
severability by a dispenser cutter. 
In general, the optimum stretching temperature of 

10a polypropylene Is usually within a range of about 
1 50 to about 160*C Therefore, It Is advantageous to 
use a methylpentene polymer having a VIcat soften- 
ing point within this range and to use a B-layer PP 
having a melting point of at leastthe softening point, 

1 5 preferably at least 1 SS^'C and more preferably at least 

i60*a 

This layer (B) should not substantially contain 
other polymer or organic or inorganic particles 
which are not compatible with the B-layer PP. 

20 The polypropylene to b'e used for the roughened 
surface layer (C) (hereinafter referred to as "C-layer 
PP") Is preferably the one having a melting point 
lower than that of the above mentioned A-layer PP 
and B-layer PP. For instance, a propylene-ethylene 

25 copolymer having a melting point of not more than 
165°C Is preferred. 

In order to firmly bond the adhesive layer to the 
base sheet, a bonding layer (D) of a cart>oxyllc 
acid-modified polypropylene is Interposed there- 

30 between In the preferred embodiments. The carbox- 
ylic add-modlfied propylene Is prepared by grafting 
an unsaturated cart>o)cyllc add such as maleic add 
or itaconic add or an unsaturated carboxylic add 
anhydride such as maleic add anhydride to a 

35 polymer composed mainly of propylene. 

If the carboxylic acld-modffied polypropylene is 
used as the B-layer PP In the structure as shown In 
figure 3 or 4, this layer may serve also as the layer 
(D). 

40 With respect to the relative thicknesses of the 
layers (A) to (D), It is Importantthatthe total thick- 
ness of tiie layers (B) and (D), so long as they have a 
melting point of at least the VIcat softening point of 
the methylpentene polymer in the layer (A), Is within 

45 a range of from 5 to 30%, preferably from 10 to 20%, 
of the total thickness of the layers (A) to (D). Namely, 
in a case where the carboxylic add-modlfled polyp- 
ropylene of the bonding layer (D) has a melting point 
of at least the VIcat softening point of the methylpen- 

50 tene polymer In the main layer (A), the total thick- 
ness of the layers (B) and |D) Is within the above 
range. Whereas, when a carboxylic actd-modlfled 
polypropylene having melting point lower than the 
VIcat softening point of the methylpentene polymer 

55 Is used as the layer (D), such a layer does not very 
much contribute to the Improvement of the severa- 
bility by a dispenser cutter, and In such a case, the 
layer(8) (B) alone should have a thickness within the 
above range. If the above mentioned total thickness 

60 of the layers having a melting point of at least the 
VIcat softening point of the methylpentene polymer 
is less than 5%, no adequate improvement of the 
severability by a dispenser cutter can be attained, l.e. 
It Is impossible to adequately eliminate the draw^ 

65 back that the tape is likely to be torn obliquely when 



cut by a dispenser cutter. On the other hand. If the 
total thickness exceeds 30%, the finger-tearability 
tends to be inferior. 
It Is believed thet the desirable straight transverse 

70 severability ortearabOlty Is imparted to the layer (8) 
or layers (B) and (D) by biaxial stretching in both the 
longitudinal and transverse directions at a tempera- 
ture of not higher than the melting point thereof, and 
the severability In the transverse direction thereby 

75 imparted compensates the Irregular severability or 
tearabillty of tiie layere (A) and (C). 

Now, the process for produdng the edhesive tape 
according to the present invention will be described. 
Rrstly, an adhesive layer Is formed on one side of 

80 a base sheet of a polypropylene resin and a surface 
layer of a polypropylene resin containing fine inor- 
ganic filler particles is formed on the other side of 
the base sheet to obtain an unstretched laminated 
sheet The polypropylene resin used for the surface 

85 layer has a melting point tower than the melting 
point of the polypropylene resin of the base sheet 
Then, the laminated sheet Is stretched at a tempera- 
ture of at leastthe melting point of the polyp- 
ropylene resin of the surface layer until the thickness 

90 of the surface layer Is brought to be not more than 
the maximum particle diameter of the fine inorganic 
filler particles. 

In the finrt step, the base layer and the surface 
layer may advantageously be laminated by co- 

95 extrusion or extrusion lamination and then the 
adhesive material Is applied to the base sheet on the 
side opposite to the surface layer. The adhesive 
matenal is preferably an acrylic ester type adhesive 
material having good adhesion characteristics, and 
1 00 Is preferably applied without using any solvent In 
this case. It is preferred to preliminarily laminate a 
cart)oxylicacld-modlfied potyolefin layer on the base 
sheet in order to securely bond the adhesive mater- 
ial to the base sheet It is advantageous that the car- 
105 boxylto acid-modified potyolefin layer is co-extruded 
with the base sheet and the surface layer to form a 
lamination. 

Namely, In a preferred embodiment a modified 
polyoleftn containing from 0.01 to 10% by weight of 

1 10 an unsaturated carboxylic acid or its derivative is 
applied to the base sheet to form a bonding layer on 
the opposite side of the surface layer, and a mixture 
of an acrylic adhesive having a functional group and 
a cross-linking agent Is applied onto the bonding 

115 layer without using any solvent 

The modified polyolefin may be the one obtained 
by addition-polymerizing or copolymerizing a 
potyolefin such as polyethylene or polypropylene 
with from 0.01 to 10% by weight of an unsaturated 

120 cartK>xylic acid such as maleic acid, acrylic acid or 
Itaconic acid, or a derivative of an unsaturated car- 
boxylic add such as an anhydrous carboxylic acid. If 
the content of the unsaturated carboxylic acid or its 
derivative Is less than 0.01 % by weight the bonding 

125 property of the final adhesive tape will be inferior, 
and if the content exceeds 10% by weight the adhe- 
sion to a polypropylene-type sheet will be inadequ- 
ate. 

The acrylic adhesive is the one obtained by 
130 copotymerizing an acrylic acid ester as the major 
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component with from 0.1 to 15 molar% of a com- 
pound having a functional group. As the compound 
having a functional group, there may be mentioned 
a carboxylic acid, a carboxyllc acid anhydride or a 

5 compound having a hydroxyl group such as acrylic 
acid, mathacrylic acid, maleic anhydride or hydrox- 
yethylacrylate. If the compound having a functional 
group is less than 0.1 molar the bonding strength 
between the adhesive layer and the bonding layer 

10 will be inferior, and if the amount exceeds 15 molar 
%, the adhesion characteristics tend to be inferior. 

The molecular weight of the acrylic adhesive to be 
used in the present Invention is preferably within a 
range of from 250,000 to 700,000 by weight average 

1 5 molecular weight (as measured by gel-permeation 
chromatography). If the molecular weight is less 
than 200,000, an adequate adhesion property is not 
obtainable, and if the molecular weight exceeds 
700,000 the application to the base sheet becomes 

20 difficult 

The cross-linking agent is a compound having at 
least two functional groups in its molecule which are 
reacth^e with the unsaturated carboxylic acid or its 
derivath^e In the modified polyolefin or with the 

25 functional groups In the acrylic adhesive, and as 
such a cross-linking agent there may be mentioned 
an Isocyanate compound, an aztrid'ne compound or 
an N-methylol compound. Further, i so-called 
blocked cross-linking agent may also be used In 

30 which the functional groups of the above mentioned 
cross-linking agent are chemically bonded with 
other compounds and the functional groups will be 
freed at a high temperature. 
In the step of mixing the acrylic adhesive and the 

35 cross-linking agent in the absence of a solvent, it is 
necessary to prevent gelation as far as possible, and 
by the use of said blocked cross-linking agent it is 
possible to readily reduce the gelation to such an 
extent that the operation can be done without trou- 

40 bles. Further, it is necessary to conductthe mixing at 
a relatively low temperature and to apply the mix- 
ture onto the base sheet as swiftly as possible. 

According to the present invention, the adhesive 
material can be applied Initialty in a substantial 

45 thickness since the thickness of the adhesive mater- 
ial will be thinned in the subsequent stretching step. 
Accordingly, the above mentioned high viscosity 
adheshra material which can not otherwise be 
coated uniformly in a thickness of the usual adhesK/e 

50 layer (e.g. as thin as 20fi) of an adhesive tape, can be 
readily uniformly coated by a usual fountain-type 
coater. After coating the adhesive material, the lami- 
nated sheet thereby obtained is biaxially stretched 
by a stretching apparatus at a stretching rate of from 

55 2 to 10 times in the longitudinal direction and from 4 
to 10 times In the transverse direction. In a case 
where the adhesive material is applied to a prelimi- 
narily longitudinally stretched sheet the coated 
sheet is stretched only in the transverse direction. By 

60 this stretching, the thick coating of the high molecu- 
lar weight adhesive material can be uniformly thin- 
ned. Further, if desired, a release treating agent may 
be applied to the back side of the polypropylene 
base sheet laminated with the modified polyolefin. 

65 This coating is preferably carried out prior to the 



stretching step. 

According to this embodiment the following 
superior effects are obtainable: 

(1 } By the specific modified polyolefin layer i nter- 
70 posed between the polypropylene base sheet and 
the acrylic adhesive material having functional 
groups, it is possible to obtain an adhesive tape hav- 
ing a good bonding property and in which the mod- 
ified polyolefin layer and the adhesive material are 
75 firmly bonded to each other. This phenomenon is 
believed to be attributable to the fact that both the 
modified polyolefin and the adhesive material have 
functional groups. 

(2) After coating the adhesive material on the 
80 base sheet stretching is carried out and therefore, 

the adhesive material can be applied in a substantial 
thickness initially. Accordingly, it is possible to use 
an acrylic adhesive material having a high molecular 
weight {namely a high viscosity) which used to be 
85 hardly coated without using a solvent whereby it is 
possible to obtain an adhesive tape having a good 
quality. 

(3) After coating the adhesive material on the 
base sheet stretching is carried out and accord- 

90 ingly, the base sheet is relatively thick at the time of 
the application of the adhesive material. During the 
stretching operation, a constant tension is imparted 
to the base sheet whereby It is possible to prevent 
the shrinkage or the formation of wrinkles on the 

95 base sheet which used to be likely to occur during 
the application of the adhesive material or during the 
cross-linking treatment Further, by the heating at 
the time of stretching, not only the cross-linking 
treatment of the adhesive material can be done but 
100 also the bonding strength between the modified 
polyolefin and the adhesive material can be 
increased. 

Referring to Figures 2 to 5, an advantageous pro- 
cess for the production of the adhesive tape of the 

105 present invention comprises simultaneously extrud- 
ing the layers (A), (B), (C) and (D) to obtain an 
unatretched laminated sheet and after coating an 
adhesive material thereon, biaxially stretching it at a 
temperature lower than the melting points of the 

1 1 0 A-layer PP and the B-layer PP and higher than the 
melting point of the C-layer PP. 

By this process, the layers {A) and (B) are stretched 
at a temperature tower than their melting points, 
whereby the strength and severability are Imparted 

115 thereto. At the same time, in the layer (C), no voids 
or cracks will be formed at the interface with the 
inorganic filler particles since the layer (C) Is 
stretched at a temperature higher than the melting 
point of the C-layer PP, whereby a roughened sur- 

1 20 face layer having good transparency and superior 
writability can be formed. 

As mentioned above, the stretching is carried out 
at a temperature lower than the melting point of the 
polypropylene of the base sheet and higher than the 

125 melting point of the propylene copolymer used for 
the surface layer. 

By carrying out the stretching under such condi- 
tions, the particle-containing surface layer does not 
substantially undergo orientation by stretching since 

130 the flowability of the propylene copolymer increases 
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at the time of gtretching, whereby it it possible to 
avoid the formation of voids or cracks which are 
otherwise likely to form at the interface between the 
propylene copolymer and the fine inorganic filler 
5 particles due to the stretching stress. On the other 
hand, the base sheet Is oriented by the stretching, 
whereby the desired strength and tearabillty are 
imparted thereto. Further, It is necessary to set the 
stretching rate so thatthe thickness of the partlcle- 

1 0 containing surface layer after the stretching 

becomes to be not more than the maximum particle 
diameter of the fine Inorganic particles used. This is 
intended to minimize the thickness of the particle- 
containing surface layer to Impart good writabillt/ 

1 5 without impairing the photostatic property while 
securing the particles on the flat surfece so as not to 
wholly embed them In the layer. 

By controlling the stretching temperature and the 
thickness of the particle-containing surface layer 

20 under such conditions, it Is possible to secure the 
fine Inorganic particles to form a fiat surface on the 
roughened surface layer of the final adhesive tape, 
>and to obtain an adhesive tape having good writabil- 
ity and a white surface by virtue of which letters writ- 

25 ten thereon can easily be read and being free of 
voids or creeks, thus providing a superior photosta* 
tic property with a total percent light transmission of 
at least 90%. 
Now, the invention will be described in further 

30 detail with reference to Example i. 

DCAMPLE1: 
A composition obtained by mixing an isotactic 
polypropylene having a melt Index of 4.0 and a melt- 
ing point of 16TC and a methylpentene polymer 

35 having a Vicat softening point of 160°C in a weight 
ratio of 75:25, was melt extruded to obtain an 
unstretched sheet On one side of the unstretched 
sheet a particle-containing surface layer obtained by 
mixing a propylene-ethylene copolymer having a 

40 melting point of 1 66^0 as the component (X), and 
calcium carbonate having an average particle size of 
3 and a maximum particle size of 10 ft as the com* 
ponent (Y) with or without a methylpentene polymer 
(hereinafter referred to as "PMP"), a polystyrene 

45 modified by a carboxyllc add anhydride (hereinafter 
referred to as "modified PS") or a polymethyl 
methacrylate (hereinafter referred to as "PMMA") as 
the component (Z) in the ratio as shown in Table 1, 
was laminated by extrusion, while on the other side 

50 of the unstretched sheet a modified polypropylene 
containing 3% by weight of Itaconic acid waa simul- 
taneously laminated by extrusion, whereby a three- 
layer unstretched laminated sheet was obtained. 
Then, on the modified polypropylene layer side of 

55 the unstretched laminated sheet an acrylic acid 
ester adhesive material was coated In a thickness of 
800 Ik without using any solvent Thereafter, the 
coated laminated sheet was stretched 6 times in the 
longitudinal direction and 6.7 times In the transverse 

60 direction et a stretching temperature of 161X, and 
then subjected to heat treatment at a temperature of 
from 164 to 16S"C for 6 seconds, whereby an adhe- 
sive tape having a total thickness of 60 li., was 
obtained. The roughened surface layer had a thick- 
65 ness as shown in Table 1. The writability, finge^ 



tearabillty, the photostatic property and the non- 
glossiness of each adhesive tape thus prepared are 
shown in Table 1. 
The writabiltty was determined by writing on the 

70 surfece of the tape with a pencil having a pencil 
hardness of 6H and evaluated on the following 
basis: a readily writable tape was designated by ( 
a more or less hardly writable tape which is consi- 
dered to be at a practical lower limit level, was 

75 designated by (7j), and a tape on which writing is 
almost impossible was designated by (A). 

The photostatic property was determined by 
measuring the total percent light transmitta nee of 
each adhesive tape in accordance with JIS K-6718. 

80 The non-glossiness was determined by measuring 
the relative-specular glossiness of each adhesive 
tape with an angle of Incidence of 60° In accordance 
with JIS 2-8741. 
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• Pnpyl«nf«th]r]ftne copoiyner 

From Table IJt ts seen that the adhesive tapes of 
Samples Nos. 1 and 2 falling within the scope of the 
present invention are superior in the writability, the 
finger-tearability and the photostatic property. K is 
also seen that adhesive tapes of Samples Nos. 4 to 
10 falling within the scope of the present invention 
are superior In the vwltabllity, the finger-tearability, 
the photostatic properties and the non-glossiness. In 
Sample No. 3 wherein the thickness of the 
roughened surface layer exceeds 10 ^ I.e. the max- 
imum particle size of calcium carbonate as the fine 
inorganic filler particles, the ftnger-tearabtlity is 
satisfactory, but the writabillty and the photostatic 
property are infenor. In Samples Nos. 11 to 13 In 
which the amount of component (2) Is greater than 
the polypropylene copolymer. It has been found that 
voids and cracks are likely to form In the roughened 
surface and they are Inferior in the photostatic prop- 
erties. 

Further, from Sample No. 14 wherein a polyp- 
ropylene having a melting point of 16r*C, which is 
higher than the stretching temperature, was used for 
the roughened surface layer. It has been found that 
whitening occurred due to the formation of voids 
25 and cracks and the photostatic property was thereby 
degraded. 

EXAMPL62: 
An unstretched laminated sheet of a thickness of 
1600 ft having a structure as shown in Rgure 2 was 
30 prepared with use of the following materials. 

Layer (A): Isotactic polypropylene having a melt- 
ing point of lerc (identified as "PP" in Table 2) 

Methylpentene polymer having a Vicat softening 
point of 160"C (identified as "PMP" in Table 2) 
Layer (B): The resins as identified In Table 2 
Layer (C): Propylene-ethylene random copolymer 
having an ethylene content of 3% by weight and a 
melting point of ISrC 55% by weight 



35 



Calcium carbonate having an average particle 

40 size of 3 At 20% by weight 

Methylpentene polymer having a Vicat 

softening point of ie0*C 25% by weight 

Layer (D): Itaconic acld-grafled polypropylene 
copolymer having an acid content of 3% by weight 

45 and a melting point of isrc 

On the layer (D) side of the laminated sheet, an 
acrylic acid ester adhesive material was applied In a 
thickness of 800 fi without using any solvent, and 
then the coated laminated sheet was biaxially 

50 stretched 6 times in the longitudinal direction and 7 
times in the transverse direction at a stretching 
temperature of 161*0, and subjected to further heat 
treatment at 1 64'C for 5 seconds. 
In this manner, the adhesive tapes identified by 

55 Samples Nos. 4 to 10 in Table 2 were prepared. 

The adhesive tapes thus obtained were composed 
of a layer (C) of 4 /t, a layer (A) plus a layer (B) being 
35 At, a layer (D) of 1 ft, and an adhesive layer of 20 /jl, 
and the total thickness was 60 /t. "Hie ratio of the 

60 thickness of the layer (B) to the total thickness of the 
base sheet (40 fi) was as shown in Table 2. 

In the same manner as above, adhesive tapes hav- 
ing a structure as shown in Figure 3 were prepared 
(Samples Nos. 11 to 14). The same materials as 

65 above were used for the layer (A) and the layer (C), 
and an itaconic acid-grafted polypropylene (acid 
content: 3% by weight m.p. 165*0 was used as the 
layer (B) which served also as the layer (D). (Namely, 
in Figure 3, the same resin was used for the layers 

70 (B) and (DM 

The adhesive tapes thus obtained were composed 
of a layer (C) of 4pt, a layer (A) plus a layer (B) being 
36m* and an adhesive layer of 20^, and the ratio of 
the thickness of the layer (B) to the total thickness 

75 (40/t) of the base sheet was as shown in Table 2. 
Adhesive tapes of Samples Nos. 1 to 3 where the 
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layer (B) was omtttedr were prepared In the same 
manner as above. 

The dispenser severabllfty (Le. severability by a 
dispenser cutter), and the finger-tearabiltty of the 
5 adhesive tapes thus obtained are shown In Table 2. 

For the determination of the dis.nenser severabil- 
ity, each adhesive tape having a width of 18 mm was 
used, and with use oifa commercialty available dis- 
penser having a cutter blade of a thickness of 0^5 
10 mm end wHh blade tips spaced with a pitch of 1 ^ 
mm, the tape was cut by pulling it at an angle of 20" 
to the left or the right, and at an angle of 15° relative 
to the cutter blade. 

The cutting was tried 50 times each in the right and 
1 5 left directions, and the tape which was satisfactorily 



cut without oblique tearing was designated by ( 
the tape which was satisfactorily cut with a success 
rate of at least 80% and thus practically useful, was 
designated by ( jH and the tape having a success rate 

20 of the proper cutting of less than 80% was desig- 
nated by (A). 

The finger-tearability was determined by pinching 
each adhesive tape having a width of 1 8 mm, by 
finger tips of both hands and trying to tear it in the 

25 direction of its width without using the finger nails, 
and after 20 times of the tearing trials, the finger- 
tearability was evaluated in the same manner as in 
the case of the dispenser severability. The tape 
which was hardly teareble was designated by (X). 
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* Btliytalu oontonti 0.1% hf vdsfat 

30 Each of the tapes Nos. 1 to 14 was superior in its 
writability by the pencil, photostatic property end 
non-glossiness. Among them, the products Nos. 6 to 
7, 10, 12 and 13 were most satisfectory in both the 
dispenser severebillty and the finger-tearability. 

35 In Nos. 4 and 1 1 where the layer (B) was too thin 
and In No. 9 where the melting point of the B-layer 
PP was too low, the dispenser severability was not 
adequately improved but the finger-tearability was 
superior, and in Noa. 8 and 14 where the layer (B) 

40 was too thick, the finger tearabitity was not so good, 
but the dispenser severability was good. 

Further, It is seen that the tapes No. 1 to 3 where 
the layer (B) was omitted, were good In either the 
dispenser severability or the finger-tearability, but 

45 not in both. 

£XAMPL£3: 
A two-layer laminated aheet was prepared by an 
extrusion lamination method in which a sheet 
(hereinafter referred to as "PP-type aheet" having a 
50 thickness of 1 ,600 ^ and prepared by molt mixing 



70% by weight of a polypropylene having a limiting 
viscosity of 1.86 as measured In a tetraline solution 
at a temperature of 13S"C and an isotactic index of 
97% as represented by the component Insoluble in 

55 n-heptane (boiling point) and a methylpentene 
polymer having a Vicat softening point of 1 60°C, was 
laminated with one of the various modified polyole- 
fins having a thickness of 50/t as shown in Table 3, as 
a bonding agent Then, commercialty avaitabte 

60 release treating agent was applied onto the back side 
of the PP-type sheet in e solid content thickness of 4m 
by a roll coater. Further, an adhesive material pre- 
pared by mixing at 12(f C an acrylic acid ester 
polymer (the major component of the adhesive mat- 

65 erial) having a weight average molecular weight of 
440,000 and containing 6 molar % of carboxylic acid 
groups and, as a cross-linking agent, an isophorone 
diisocyanate compound blocked with methylethyl- 
ketooxime (blocked cross-linking agent), was 
70 applied immediately after the mixing on the surface 
of the modified polyolefin layer at a coating temper* 
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ature of 120*0 in a thickness of 800^. This laminated 
sheet was preheated and then stretched at a stretch- 
ing temperature of 16rc at a stretching rate of 6 
times in the longitudinel direction and 6 times in the 
5 transverse direction, end after heat treatment at 
leS'C for 5 seconds, it was wound up and aged at 
WC for one week. Then, it was sl.t to obtain tapes 
having a width of 18 mm. 
The thickness of each layer of the tape thus 

10 obtained was as follows: the PP-type sheet layer of 
40fMtB modified polyotefin layer of l^t/the adhesive 
layer of 20;*. For the purpose of comparison, an 
adhesive tape wherein an ethylene-ethylacrylate 
copolymer (EEA) or a styrene - butadiene - styrene 

15 copolymer (SBS) was used instead of the modified 
polyolefin, end an adhesive tape which was obtained 
by subjecting a blaxially stretched polypropylene 
base sheet to corona treatment to impart a wet Index 
of 40 dyn/cm (as measured by JIS K-6768) and apply- 

20 ing the same adhesive material as In Example 3 in a 



thickness of 20/i, were prepared. 

The bonding properties (Note 1 ) of the adhesive 
tapes thus obtained were compared as shown in 
Tables. 

25 Note 1 : Bonding property: With use of press rol- 
lers as stipulated in JIS Z-1522, the tapes were pres- 
sed with their edhesive layers face-to-face and left to 
stand at least one week. Thereafter, they were sub- 
jected to a T-type peeling test In an atmosphere of a 

30 predetermined temperature (20*C and 0"C) under the 
peeling speed of 300 mm/min, whereupon the rup- 
ture states of the peeled surface were observed. The 
cohesive rupture of the adhesive layer was rated as 
good ( Z)' The interfaclal rupture between the adhe- 

35 sive layer and the modified polyolefin layer or bet- 
ween the modified polyolefine layer and the PP-type 
sheet layer, and between the adhesive layer and the 
PP-type sheet layer, or the rupture of the modified 
polyolefin Itself, was rated as no good (X). Further, a 

40 partial interfacial rupture was rated as fair (A). 



TABLE3 



Kinds of the bonding agents 


Bonding properties 






Modified polypropylene, Maleic anhydride 


(wt %) 






0.005 




X 


Modified polypropylene, Maleic anhydride 


0.01 






Modified polypropylene, Itaconic acid 


2 






Modified polypropylene. Acrylic acid 


6 






Modified polyethylene. Acrylic acid 


10 




L 


Modified polyethylene. Acrylic acid 


20 




X 


Ethylene-ethylacrylate copolymer (EEA) 




X 


Styrene-butadlene-styrene copolymer (SBS) 






X 


Corona treated produa* 






X 



shrinkage and wrinkles were formed. 



From Table 3, It Is seen that the tapes wherein 
modified polyolefine containing from 0.01 to 10% by 
weight of the unsaturated carboxytic acid or Its 
derivative, have good bonding properties. 

45 It is also seen that the tapes wherein the acrylic 
acid ester adhesive material was applied via the 
ethylene-ethylacrylate copolymer (EEA) or the 
styrene-butadiene-styrene copolymer (SBS) have 
inferior bonding properties at low temperatures. 

50 Further, the corona treated product of the biaxially 
stretched polypropylene sheet has an inferior bond- 
ing property, and It is seen that wrinkles are formed 
by the application of the adhesive material. 

EXAMPLEA: 

55 The same PP-type sheet of a thickness of 1,600 p, 
as used In Example 3 was used, and a modified 
polypropylene containing 2% t>y weight of itaconic 
add and having a thickness of 50 ^ was laminated by 
extrusion to form a two-layer>laminated sheet. Then, 

60 on the back surface of the PP-type sheet, a release 
treating agent was coated in a thickness of 4 il, end 
then an adhesive material prepared by mixing one of 
acrylic acid ester polymers (the major component of 
the adhesive material) having various weight aver- 



65 age molecular weights as shown in Table 4 and con- 
taining 6 molar % of carboxylic acid groups and the 
same blocked cross-linking agent as used in Exam- 
ple 3 at 120*0, was applied immediately after the 
mixing on the surface of the modified polyolefin 

70 layer at a coating temperature of 120"C in a thickness 
of 800 Thereafter, the laminated sheet was sub- 
jected to the same stretching, heat treatment and 
aging treatment as in Example 3, and then slit to 
form tapes. The tapes thereby obtained had superior 

75 bonding properties ( Z- at 20*0 and 0"C). A high 
molecular weight acryl adhesive material which 
used to be hardly applicable without using a solvent, 
can evenly be applied in a uniform thickness without 
leading to shrinkage or formation of wrinkles. The 

80 holding forces (Note 2) and the peeling characteris- 
tics (Note 3) of the adhesive tapes are shown in 
Table 4. 

Note 2: Holding force: In accordance with JIS 
Z-1524, a sample having a tape width of 18 mm and a 
85 sticking fringe of 20 mm was stuck on a stainless 
steel and left to stand at room temperature for 24 
hours. Thereafter, a static load of 1 kg was put on it 
in a hot air drier at 40°C and the holding force was 
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represented by the time required for the sample to 
fall. In a case where the time for falling exceeded 2 
hours, the holding force was represented by the 
length of the displacement upon expiration of 2 
> hours. 

Note 3: CoheshrenBss: In accordance with JIS 
Z-l 522, a tape of a width of 18 mm was press-fixed 
on a stainless steel sheet and 'eft to stand at room 



temperature for 24 hours. Thereafter, it was peeled 
10 In an atmosphere of 20*0 x 65% PH at a peeling 
speed of 300 mm/min at 180*, and the rupture state 
of the peeled surface was observed. A case where no 
cohesive rupture I.e. no adhesive residue was 
observed on the stainless steel sheet was rated as 
15 good and a case where the adhesive remained 
partially was rated as fair ( * ), 

TABLE4 



No. 


Wa/ghtaveraga molacular weights 
ofacry/fc acid ester po/ymars* 


Holding forces 


Cohesiveness 


1 


180,000 


100 minutes 




2 


250,000 


At most 0.1 mm 




3 


440,000 


At most 0.1 mm 




4 


600,000 


At most 0.1 mm 





They were measured by the get permeation chromatograph (GPC) method. 



As described In the foregoing, the present inven- 
tion provides an adhesive tape having superior 
wrftabillty, flnger-tearabillty, dispenser severability, 

20 photographic property, non-glossiness and bonding 
property and a process for Its production, and Is 
extremely useful for application to a mending adhe- 
sive tape. The present invention Is also applicable to 
processes for the production of adhesive sheets or 

25 labels. 
CLAIMS 

1. An adhesive tape comprising a base sheet of a 
polypropylene resin, an adhesh^e layer formed on 
one side of the base sheet and a roughened surface 

30 layer formed on the other side of the base sheet and 
composed of a polypropylene resin containing fine 
Inorganic filler particles, characterized in that said 
roughened surface layer has a thickness of not more 
than the maximum particle diameter of said fine 

35 Inorganic filler particles and Is substantially free 
from voids or craclcs, and the total percent light 
transmlttance of the adhesive tape is at least 90%. 

2. The adhesh^e tape according to Claim 1 
wherein the roughened surface layer ia composed of 

40 from 90 to 60% by weight of the polypropylene resin 
and from 10 to 50% by weight of the fine inorganic 
filler particles. 

3. The adhesive tape according to Claim 1 
wherein the roughened surface layer is composed of 

45 from25to85%byweightofapolypropyleneresin 
{X),from 10 to 50% by weight of fine Inorganic filler 
parHcles (Y) and from 5 to 45% by weight of one or 
more resins (Z) selected from the group consisting of 
a methytpentene polymer, a polystyrene, a polyallcyl 

50 methacrylate and a polyester, provided that the total 
of the components (X), (Y) and (Z) Is always 100% by 
weight and the amount of the component (Z) Is not 
mora than the amount of the component (X), and the 
relative specular glossiness of the roughened sur- 

55 face layer Is not more than 30%. 

4. The adhesh^e tape according to Claim 1 
wherein the base sheet comprises a main layer 
composed of from 95 to 50% by weight of a polyp- 
ropylene and from 5 to 50% by weight of a methyl- 

60 pentene polymer. 

5. The adhesive tape according to Claim 1 



wherein the base sheet comprises a main layer (A) 
composed of from 95 to 50% by weight of a polyp- 
ropylene and from 5 to 50% by weight of a methyl- 

65 pentene polymer and a subsidiary layer (B) formed 
on one side or each aide of the main layer (A) and 
composed of a crystalline polypropylene having a 
melting point of at least the Vicat softening point of 
said methylpentene polymer, and a bonding layer 

70 (D) of a carboxylic add-modified polypropylene is 
interposed between the base sheet and the adhesive 
layer. 

6. The adhesive tape according to Claim 5 
wherein the carboxylic acid-modified polypropylene 

75 of the bonding layer (D) has a melting point of at 
least the VIcat softening point of the methylpentene 
polymer in the main layer (A), and the total thickness 
of the layers (B) and (D) Is within a range of from 5 to 
30% of the total thickness of the layers (A), (B) and 

80 (D) and the roughened surface layer. 

7. The adhesive tape according to Claim 5 
wherein the carboxylic acId-modlfied polypropylene 
of the bonding layer <D) has a melting point of less 
than the Vicat softening point of the methylpentene 
polymer in the main layer (A) and the thickness of 
the layer (8) is within a range of from 5 to 30% of the 
total thickness of the layers (A), (B) and (D) and the 
roughened surface layer. 

8. The adhesive tape according to any one of 
90 Claims 1 , 3, 5, 6 and 7 wherein the inorganic filler 

particles having a maximum particle diameter of 
about 10/» and are capable of forming a roughened 
surface having a maximum roughness of at most 
10/i, an average roughness of from 2.0 to 6.O/1. 

95 9. The adhesive tape according to Claim 1, 2 or 3 
wherein the polypropylene resin of the rougnened 
aurface layer has a melting point lower than the 
molting point of the polypropylene resin of the base 
sheet and composed of a propylene-ethylene 

100 copolymer having a melting point of not more than 
155'C. 

10. The adhesive tape according to any one of 
Claims 1, 5, 6 and 7 wherein the adhesive layer is 
composed of an acrylic adhesive obtained by 
105 copolymerizing an acrylic add ester with from 0.1 to 
1 5 molar % of a carboxylic acid, a carboxylic acid 
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anhydride, or a hydroxyacrylate. 

11. A process for producing an adhesive tape 
which comprises forming an adhesive layer on one 
side of a base sheet of a polypropylene resin and a 
5 surface layer of a polypropylene resin having a melt- 
ing point lower than that of the polypropylene resin 
of the base sheet and containing fine inorganic filler 
particles, on the other side of the base sheet to 
obtain an unstretched laminated she-it, and stretch- 

1 0 ing the laminated sheet at a temperati re of at least 
the melting point of the polypropylene resin of the 
surface layer to bring the thickness of the surface 
layer to be not more than the maximum particle 
diameter of said fine inorganic filler particles. 

15 12. The process according to Claim 11 wherein a 
bonding layer of a modified polyolefin containing 
from 0.01 to 10% by weight of an unsaturated car- 
boxyllc acid or its derivative is interposed between 
the adhesive layer and the base sheet and an adhe- 

20 sive material composed of a mixture of an acrylic 
adhesive having a functional group and a cross- 
linking agent Is applied via the bonding layer onto 
the base sheet to form the adhesive layer without 
using any solvent. 

25 13. The process according to Claim 12 vrfierein 
said acrylic adhesive has a weight average molecu- 
lar weight of from 250,000 to 700,000. 

14. The process according to Claim 1 1 wherein 
the stretching is carried out at a temperature tower 

30 than the melting point of the polypropylene resin of 
the base sheet and higher than the melting point of 
the polypropylene resin of the surface layer. 

15. The process according to Claim 11, 12, 13 or 
14 wherein the laminated sheet is biaxially stretched 

35 at a rate of from 2 to 10 times in the longitudinal 
direction and from 4 to 10 times in the transversa 
direction. 

16. An adhesive tape substentially as herein 
described with reference to any one of Figures 2 to 5 

40 of the accompanying drawings. 

17. A process according to Claim 1 1 substantially 
as herein described with reference to any one of the 
Examples. 
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